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(54) Method and device for determining the amount of undissolved gas in a hydraulic system 

(57) The invention provides a method which can be 
carried out simply and rapidly in order to determine the 
amount of undissolved gas present in a hydraulic sys- 
tem by supplying hydraulic medium thereto under over- 
pressure, one of the parameters Pressure (P) and Vol- 
ume (V) being set during this supply and the course of 
the variation of the other paramete r (Volume (V) or Pres- 
sure (P)), which is dependent thereon and on the 
amount of undissolved gas, being recorded; the detec- 
tion results are then compared with those which were 
calculated and/or are known for a reference system 
which corresponds to the system and is subjected to the 
same treatment when the hydraulic medium present 
therein contains no dissolved gas or a known amount of 
dissolved gas; from this comparison results an indica- 
tion of the amount of undissolved gas, and also of its 
location, in the system. 
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Description 

The invention relates to a method for determining 
the amount of undissolved gas present in a hydraulic 
system by supplying hydraulic medium to this system at 
excess pressure and detecting the changes in pressure 
or volume which occur in the process. 

A method as described above is known from EP-A- 
0,552,841 in the name of the applicant. According to this 
known method, which is based on the insight that the 
compressibility of the hydraulic medium is dependent on 
the amount of undissolved gas present therein, hydrau- 
lic medium is introduced into the system from the out- 
side and thus the pressure in the system is changed 
from a first value to a second value while measuring the 
amount ot hydraulic medium supplied. 

This method yields good results when the entire 
system is pressurised, but cannot be used to establish 
where undissolved gas is situated. However when a hy- 
draulic system contains a large number of narrow pas- 
sages and components in which leakages of medium 
occur where the medium moves only slowly, this known 
method, which is in fact based on evaluating two deter- 
minations, namely a starting value and an end value, 
only provides an insight into the condition of the overall 
system. 

The invention is based on the insight that determi- 
nation is possible by detecting and recording the curve 
of the relevant parameters plotted against time during 
the pressurisation and comparing the recording ob- 
tained with a recording which was carried out previously 
or was calculated for a comparable reference system 
with or without a known amount of undissolved gas. This 
results in a reliable insight into the location and amount 
of undissolved gas present in the system. 

The method according to the invention is thus car- 
ried out as described in the characterizing part of claim 
1. 

The rate at which hydraulic medium is compressed 
via a narrow passage to a spare depends on the com- 
pressibility of this medium and on the resistance of the 
passage. This compressibility is directly dependent on 
the amount of undissolved gas. It thus follows that de- 
tecting the course of the flow through this passage will 
provide an insight into the amount of undissolved gas in 
the next volume. 

As, a hydraulic system contains as said, a great 
number of components, including pumps, actuators and 
valves, and is generally divided into a high-pressure 
section and a low-pressure section. Some parts of the 
system can only be compressed via narrow passages, 
so that the rate at which they are compressed is lower 
than in that section which can be reached directly. The 
course of this rate indicates, inter alia, the location of 
the undissolved gas. If one or more sections of the sys- 
tem are sealed off during the determination and undis- 
solved gas is situated in these sealed-off sections, their 
presence cannot be detected. This drawback is elimi- 



nated by the method according to the invention when 
this method is carried out as described in claim 2 

The method can also be implemented as described 
in claims 3 and 4. 

5 The US patent specification 5 471 400 describes a 
method for testing a hydraulic device, in this case a re- 
ciprocating compressor for detecting the occurrence of 
leaks, for instance between the piston rings and the cyl- 
inder walls. According to this method one analyses the 

10 variation of the pressure as a lunction of the cylinder 
volume and compares same with the nominal variation 
as it is when there are no leaks between the piston rings 
and the cylinder walls. 

An installation for carrying out the method accord- 

15 ing to the invention is described in claim 5. 

The invention is explained with reference to the 
drawing, in which: 
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Fig. 1 shows a - simplified - diagram of a part of a 
hydraulic installation, with an installation for carry- 
ing out the method according to the invention con- 
nected thereto; 

Figs. 2a and 2b show graphs of the results obtained 
using this installation. 



The part of a hydraulic installation illustrated in Fig. 
1 comprises a hydraulic accumulator 2, the outlet 4 of 
which is connected, on the one hand, to the change- 
over valve 6 and, on the other hand, to the change-over 

30 valve 8; the outlets of the valve 6 are connected to the 
linear actuator 1 0 and those of the valve 8 to the hydrau- 
lic motor 12. The return lines 14, 16 are connected to a 
common return point 18. 

The outlet of the accumulator 2 is connected via the 

35 filter 20 to the high-pressure filling point 22 via the non- 
return valve 24. 

The installation according to the invention, by 
means of which this part of the hydraulic installation can 
be tested, is indicated in the diagram below the dot- 

40 dashed line, and comprises a storage reservoir 30, from 
which the hydraulic medium is supplied, via the feed 
pump 32, to a control unit 34, in which either the output 
pressure (P) is kept constant or the volume flow (V) flow- 
ing per time unit is kept constant. The outlet 36 from this 

45 control unit is connected to the measuring unit 40, from 
which the hydraulic medium (V) is supplied via the line 
42 to the diverter valve 44 using outgoing lines 60 and 
62. The measuring unit 40 measures either the amount 
of hydraulic medium flow (V) per time unit (in the case 

so in which the pressure (P) is kept constant) or the pres- 
sure (P) occurring at its output 42 (in the case in which 
the volume flow per time unit (V) is kept constant). 

A central control unit 46 is provided for controlling, 
via the line 48, the control unit 34, switching on and off 

55 the passage through the latter and setting the parameter 
P or V and, via the line 50, controlling a central recording 
unit 52 with display 54 and printer 56; the data is sup- 
plied to this unit via the line 56 (parameter set) and 58 



JSDOCID: <EP 0829648A1 I > 




EP 0 829 



(measured value). 

The determination will preferably be carried out us- 
ing a fixed pressure, while measuring the volume flow 
through the measuring unit 40 per time unit. It is techni- 
cally simpler to set a fixed output pressure than a fixed s 
flow rate. In the following text, it is assumed that a con- 
stant filling pressure is used. The curve of the volume 
of hydraulic test medium supplied as a function of time 
is illustrated in Fig. 2a and Fig. 2b. 

The operation is started by connecting the change- io 
over valve to the line 60 leading to the low-pressure con- 
nection point 18. The hydraulic medium in this part of 
the system will be compressed relatively quickly, owing 
to the low resistance which prevails at this point and as 
far as the valves 6 and 8, as a result of which initially a is 
relatively great flow takes place, corresponding to the 
curve between the point 0 and I in the graph in accord- 
ance with Fig. 2. During and after this period the leakage 
gaps in valve 8 will be filled, followed by the section be- 
tween valve 8 and motor 12. The compression rate will 20 
be considerably lower here, owing to the greater resist- 
ance in the leakage gaps. This curve corresponds to the 
section I -II in the graph in accordance with Fig. 2. 

If valve 6 is now opened, the section between this 
valve and the actuator 10 is compressed. The actuator 2s 
10 will first move to its end position (corresponding to 
the section ll-lll in the graph of Fig. 2) and then the hy- 
draulic medium is compressed further, after which the 
final position IV is reached. 

Pressure medium is now fed to the high-pressure 30 
point 22 via the change-over valve 44 and the test line 
62. The pressure set will be higher than that at which 
the valve 24 opens and the part of the system between 
the valve 24 and the valves 6 and 8 will be compressed 
relatively quickly. This corresponds to the section 0-I in 35 
the graph in accordance with Fig. 2b. 

Further filling of the motor 12 and the return line 16 
at this high pressure via the leakage gaps of the valve 
8 will take place more slowly, corresponding to the sec- 
tion l-ll in the graph in accordance with Fig. 2b. 40 

If valve 6 is then opened, the actuator 10 is actuat- 
ed, with a relatively great amount of hydraulic medium 
flowing through, corresponding to the section ll-lll of the 
graph in accordance with Fig. 2b, and then the system 
is compressed; this corresponds to the section II I -IV of *s 
the graph in accordance with Fig. 2b. 

It is also possible to combine the measurements via 
the high-pressure side 22 and the low-pressure side 1 6. 
When filling via the low-pressure side 1 8, the return sys- 
tem fills up relatively quickly and the amount of undis- so 
solved gas therein is determined directly (see above). 

If, immediately thereafter, filling is carried out via the 
high-pressure side 22, the high-pressure section will al- 
so be filled quickly and this section is measured sepa- 
rately. If the valve 8 is closed, the motor section is filled ss 
via the leakage gaps of this valve, while immediately 
thereafter the section between the valve 6 and the ac- 
tuator is again filled quickly by opening this valve, mean- 
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while determining the flow rate. 

The graphs shown in Figs. 2a and 2b and the meas- 
ured values obtained are compared with reference 
graphs (not shown) and reference values obtained or 
calculated for the case in which preferably no undis- 
solved gas, or else a known amount of undissolved gas, 
is present in the system. The measured values obtained 
using the measuring device 40 are used to calculate the 
amount of undissolved gas in each section of the system 
- using of the known scientific laws and : if necessary, 
corrected for other measured or calculated influencing 
factors - and are supplied to the recording unit 52, in 
which they are stored; the resultant graphs can be 
shown on the display 54 and printed out using the printer 
56. Since the reference determinations are also stored 
in the memory of the recording unit 52, they can be 
shown directly on the display 54 or printed out via the 
printer, so that direct comparison is possible. 



Claims 

1. Method for determining the amount of undissolved, 
gas present in a hydraulic system by supplying hy- 
draulic medium to this system at overpressure and 
detecting the changes in pressure or volume which 
thereby occur, characterized in that, during supply- 
ing of the medium, one of the parameters Pressure 
(P) and Volume (V) is set and then the course of the 
variation of the other parameter (Volume (V) or 
Pressure (P)), which is dependent thereon and on 
the amount of undissolved gas, is recorded, and the 
determination is based on a comparison of the re- 
sults of the detection with those results which have 
been calculated and/or are known for a reference 
system which corresponds to the system and is sub- 
jected to the same treatment the hydraulic medium 
present therein containing a known amount of un- 
dissolved gas. 

2. Method according to claim 1 , characterized in that 
the reference determination for the reference sys- 
tem is carried out using a specific actuation se- 
quence of the valves and actuators thereof and the 
measuring determination is carried out taking into 
account the actuation state of the components. 

3. Method according to claims 1-2, characterized in 
that the determination is carried out with the actu- 
ating elements in the rest position, the medium 
passing the leakage gaps present therein. 

4. Method according to claims 1 -3, characterized in 
that the hydraulic medium is supplied in a predeter- 
mined sequence to the high-pressure side or the 
low-pressure side of the system to be tested. 

5. Installation for carrying out the method according to 
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claims 1 -4, comprising a supply source of hydraulic 
pressure medium (30, 32) and an outlet connection 
(42) to be connected to the installation to be tested, 
and having, between these components, in series 
and successively, a control unit (34) for setting the s 
pressure or the volume flow of the hydraulic medi- 
um delivered and a measuring unit (40) for meas- 
uring the resultant delivery volume flow or the de- 
livery pressure, said measuring unit being connect- 
ed to a recording appliance (52) for recording the 10 
measurement results obtained during the test. 
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